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Summary 

A formula f o r  %he computation of the ve r t i ca l  veloci ty  compo- 

nent on a l l  sides of an airplane i s  deduced and discussed. The 

formation i s  o f  value f o r  the in te rpre ta t ion  of such f r e e  f l i g h t  

t e s t s  where two airplanes f l y  alongside each other t o  f a c i l i t a t e  

observation. 

I n  cer ta in  kinds of f r e e  f l i g h t  experiments w i t h  airplanes,  

a second airplane i s  used f o r  the observation of the airplane t o  

be tes ted.  For  instance, during some experiments of the f l i g h t  

sect ion of the Nat ional  Advisory Committee f o r  Aeronautics, two 

airplanes were f lown side b y  side.  

suspended under one of the airplanes. 

a i rplane took photographic pictures  under d i f  Serent conditions of 

f l i g h t  i n  order t o  determine the angle of attack. 

of 'the two airplanes w a s  sometimes as low as one wing span. 

A cyl indrical  weather vane w a s  

An observer i n  the second 

The dis tance 

1 
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For  the interpretat ion of such t e s t s  i t  i s  desirable  t o  be  

informed on the ve r t i ca l  veloci ty  component of the a i r  caused b y  

the observing airplane i n  tSe region occupied b y  the airplane to  

be observed. This information i s  contained impl.icitly i n  Refer- 

ence 1. For s r ea t e r  convenience 'I] proceed t o  l a y  down i n  th i s  

Note the d i rec t  way t o  obtain t h i s  dotlrnwash, 

The problem is, then, t o  determine the downw@sh sidewise of  

of an airplane i n  a nodcrate dis tance there2rom. The veloci ty  

d- is t r ibut ion i n  the immediate neiglborhood i s  affected b y  a l l  de- 

t a i l s  of the d i f fe ren t  parts of the airplavlc and i t s  exact compu- 

t a t i o n  i s  near t o  impossible. A t  a great  distance,  on the other  

hand, the air  veloci ty  caused b y  a passing airplane becomes negli- 

gible.  This appeals immediately t o  the common sense, and the re- 

mark seems almost obvious and t r i v i a l .  I t  i s  not,  however, as 

the  same does not hold f o r  the motion of the a i r  i n  rear  of the 

ai rplane.  The vake of the airplane i s  maintained over qui te  con- 

siderable distances,  i t  can be neglected only at much greater  

dis tances  than the disturbance created a t  the sides, and on top 

and bo ttorn. 

An estimate of the downwash at the s ides  of t he  airplane i n  

moderate distance w i l l  be obtained by subst i tut ing a monoplane of 

about equal span f o r  the biplane ce l lu l e  ( i f  aily) and by takf 

i n t o  considmat ion the two-dimensional flow caused by a l i f t i n g  

wing and discussed i n  Reference 1, Section 111. It i s  shown there  

that  a tno-dimensional f low i s  gradually established by the wings, 
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and t h a t  i n  t h e  ve r t i ca l  plane through the  wings the  same c o n f i p  

ura t ion  of flow, but of half of the f i n a l  rcagnitudc i n  strength, 

w i l l  be found. For  the purpose of t h i s  Note, i t  i s  suff ic ient  t o  

con sf d er  only the main t crm O €  t h i s  flow, - W ' n G i l  expanded into a 

Fourier ' s  Series - having reference to  an e l l i p t i c a l  d i s t r ibu t ion  

o f  the lift.  This  flow i s  of vanishing in tens i ty  a t  great dis- 

tances from a s t r a igh t  l i n e ,  representing the span. A t  the points  

of t h i s  span, the ve r t i ca l  veloci ty  i s  constant, sny, equal to uo* 

Since the apparent mass of a s.kraizht l i n e  of the length 2a i n  

a two-dimensional f low i s  equal t o  a2n 

e ra l ly )  and since the momentum of the f i n a l  flay? s e t  up per un i t  

of time equals the l i f t  created, 

equation 

( t h a t  i s ,  vhcn mving lat- 

uo 

a% V p uo = L 

can be computcd from the 

This  i s  the f i n a l  downwash fa r  behird the wing. 

remark ju s t  mde  the dovmviash a t  the poin ts  of t h c  r ing  i s  half 

t h a t  magnitude, 

According t o  the 

The problem i s  now reduced tc& the invest igat ion of the poten- 

tial flow mound s t ra ight  l i n e  of the length 2a Eoving later- 

ally w i t h  the ve loc i ty  u1 i n  a, perfect f l u i d  otherwise at res t .  

The complex poten t ia l  fiinction cf t h i s  flow according to equa-Lion 
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(3) 

i n  which 

a = half span 

L = t o t a l  l i f t  

V = veloci ty  of f l i g h t  

f3 = caes densi ty  of a i r  

C i s  a constant, the- magnitude of which 

w i l l  be determined immediately. 

The veloci ty  d i s t r ibu t ion  i s  then obtained f rom 
c 2 

Ff = - dF - - i c i  
d z  L 

where only the last term i n  the  brack s variable.  The v e r t i c a l  

ve loc i ty  component i s  the imaginary p of (4), w i t h  reversed signo 

A t  the points  of the span, the s term of the  span becomes 

imaginary and hence, does not furnish a contribution t o  the down- 

wash. .&,% these points,  equation (4) gives thus 

u = -  c .  
a 

This consta-nt downwash agrees with the one specified i n  equation 

( z ) ,  i f  c = L At the  other points  of the s t ra ight  l i n e  P 
2 4 a^n V 

containing the  span, the vertical veloc i ty  component i s  directed UP- 

wards. The square root i n  ( 4 )  i s  then real ,  and the upwash becomes 
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where x dcflotes the distance from the middle of t h e  span. A t  

x = c o s  u becomes zero. 

A t  a l l  other points of the plane, equation (4 )  furnishes the  

negative o r  posi t ive downwash. 

and the expression (4)  has t o  be reduced t o  t h e  form Y + u i .  

This can always be done e a s i l y  by fundamental operations. 

real  and the imaginary parts give, then, the two ve loc i ty  compon- 

ents  desired. 

z = x + i y  has t o . b c  inserted, 

The 

It i s  too cumbersome, and unpmctical ,  t o  indicate  the opera- 

t i on  to be performed i n  it formula containing the two space varia- 

b les  x and y e  

downwash conpoknent, i n  a Fourier1 s Series ,  which rap id ly  converges 

a t  the region considered. 

I t  i s  more convenient t o  use an expansion of the 

I proceed t o  develop t h i s  Fourier ts  

Series.  

The variable term in equation 

1 

(4) i s  

a 
i ' 

Nom the binoninal expansion of (1 - (5, , gives 
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Introducing non, p61as ooordimtcs 

the real part  of' (6 )  becomes, (accojcding to  Zloivrcts formula) 

a\4 I + Ob5000 (E? cos 2.cP f 0.3750 (g, cos 4cP + 

Hence the  downwash. becomes 

-t 0.3125 (E] cos 69 + 0.2735 (g: cos 8fP + . . . . J  

( 8 )  
This  i s  the desired formula. 

I 

The f igure shows the meaning of R and g. R i s  the distance of 

the point from the middle of the span- CP i s  the angle between 

the radius  R 

with the span)* 

(connecting the middle of the  span and the point 
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Let the weight of an airplane be L = 3500 l b . ,  and i t s  span 

2a be  36 f t ,  The momentary veloci ty  may be 80 mi./hr. The con- 

d i t i ons  a r e  s o  chosen as t o  give comparatively appreciable down- 

wash. 

Consider f i r s t  the point i n  the horizontal  of the wing, one 

span from the tip, f o r  which R = 3a and Q, = 0. The expression 

i n  f ront  of the bracket i s  

The bracket i s  

a... - 0.055 0.5 0.375 + 0,3125 + 

34 36 +O 005 
7+ 3 

+o . 000 
0 * 060 

Hence the negative downwash a t  the point i s  0.06 X 4.2 = 0.25 

mi./hr. and the  angle of downmash = 80- 0*25 - - 0,003 = rd. 1/6 of 

one degree. 

c a l  middle plane of the airplane one span on top of the wing, 

that i s ,  CP = 90' and R = 2a. The conditions of flight might 

Repeat the same computation f o r  a point i n  the  verti i-  

be the  s m e ,  giving again 0.25 zia/kr. as factor  i n  f ront  of the 

bracket. The latter now becomes 

-0.125 + 0.024 - -0.005 + 0*001 0.5 + 0.375 - 00313 + 00273 + .... - 
-0.1 rni./hr. 

- 2  2 %  2= Z 8  
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7% of one degrcc. The anglc of dommsh  = - - 'W 
0.1 

80 

I t  appe,vs from these examples tha t  the angle of downwash 

decreases rapidly w i t h  the dis tance from the airplane. 

t i c a l  cases i t  can probably always bc computed exac5ly enough by 

using only  t'ne f i r s t  term in the bracket of the f i n a l  resul t .  

For prsc- 

Reference. 

1. Nax 3, Edunk: Elements of the Wing Section Theory and of the  
Wing Theory. N.A.C .A.  Technical Report No. 191. 


